The present work comprises study of almond shell activated carbon (ASAC) impregnated by H 3 PO 4 used as adsorbent. The objective of this work was to determine the ability of activated carbon in phenol removal. The activated carbon in the study was of size +1 to -4.75 mm. ASAC is found to be inexpensive and effective adsorbent for removal of phenol from aqueous solution. Prepared activated carbon was characterized by determining Iodine number and methylene blue number to examine the extent and nature of porosity. The higher methylene blue number demonstrates that fairly mesoporous carbon has been developed by the process which can facilitate its applicability as potential dye removal adsorbent. N 2 BET surface area has been found to be quite comparable to commercially available carbon. The FTIR results strongly support significant spectral and chemical changes occurring with the activation of the almond shells for phosphoric acid treatment. The physical morphology clearly shows that the data obtained is consistent to the structural surface as determined by analyzing the SEM micrographs.
Introduction
Pollutants in water such as phenol, phenolic compounds, aldehydes, aromatic and aliphatic compound is of great public concern now a days [1] [2] [3] . These compounds are by-products of different types of processes in the industries. Before discharging to water bodies, it must be treated. Activated carbon, a porous adsorbent, is widely used in industry in the purification of liquids and gases. For example, a liquid which is to be purified is passed through a bed of granular activated carbon. As the liquid passes through the activated carbon bed, molecules of impurities in the liquid are adsorbed onto the surface of the activated carbon. Consequently, the larger the surface area of the activated carbon the more efficient the filter will be in removing impurities 4 . There is dramatically increase in use of activated carbon (AC) for adsorption of organic pollutants during last few decades in treatment of drinking water and industrial effluents 5, 6 . The porous structure of an Activated carbon is a function of the source material used in the preparation of carbon, the activation procedure and the extent RESEARCH ARTICLE of activation. The operational cost for preparation of AC is expensive because of its production by treating chemically carbonaceous materials such as coal, wood, nutshell so that it develops internal pores that yield its characteristic high surface 7 . The starting materials are selected to have a concentration of natural binding agent greater than 30% by weight. Due to depletion of natural conventional resources such as coal, researchers are diverted to develop activated carbon from other carbonaceous materials including waste.
There are a number of such uses for activated carbons from the removal of coloured compounds present as impurities in the products of a chemical reaction to the purification of gases prior to discharge to the atmosphere to produce carbon for dye removal. Chemical activation with phosphoric acid, zinc chloride, or carbonate salts was used for activation of almond shells 8 . Earlier researchers have found application of activated carbon in metal adsorption 9, 10 . The present research paper report studies on the activated carbon made from almond shell using phosphoric acid.
Experimental
Almond shells were collected from local market as sweet industry waste. The raw material was ground to small pieces using hand crusher. Material was oven dried at 180 °C for about 2 h. This process was done to mildly oxidize shells so that volume of reactive sites will be available for activation. 10 g of refluxed nutshells were weighed exactly and impregnated with H 3 PO 4 in 1:2 ratios for 48 h and carbonized at 850 °C in furnace reactor for two hours. The main objective of impregnation was to make the mixture of the chemical and the precursor homogeneous, previous works have shown that impregnation also brings about the transformation of the precursor [11] [12] [13] . The furnace reactor has the facility to heat the material from room temperature to 850 °C and the temperature was controlled to an accuracy of ±5 °C by means of a temperature controller. During carbonization the carbonaceous material along with the impregnation agent turns black forming a plastic mass, which turns into a dry powder on continued heating. The carbonized material was cooled to room temperature and washed thoroughly with 5 N HCl until excess acid was totally removed and the pH of the washed water was neutral. After washing the material was dried at 105 °C overnight and meshed into 325 mm size with the help of sieve and was used for further experiments for characterization of prepared activated carbon.
Preparation of stock solution for adsorption studies
All the reagents used were of analytical grade. A fresh aqueous solution of phenol was prepared using boiled distilled water cooled to room temperature. The solutions of twelve different concentrations varying from 0.0001-0.0025 (mol/g) were prepared by adding required amount of stock solution for each concentration in 250 mL of volumetric flask and diluting it to make up the volume with boiled and cooled distilled water .
Results and Discussion
Two commercially available standard activated carbons were used in this study for comparison, a bituminous coal based F-400 procured from calgon corporation, USA and coconut shell based Activated carbon from S.D.fine chemicals, Mumbai.
The data obtained for physicochemical properties of raw almond shell, activated almond shell, F-400 are shown in Table 1 illustrate that as compared to F-400, almond shell activated carbon has higher ash content 8.19%, higher volatile matter 16% with decreasing fixed carbon content of 57.32%. Also from raw almond shells to activated carbon fixed carbon considerably increased as consistent with the findings of other researchers 14 .
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Adsorption isotherm
The sorption capacity was determined by contacting various concentration twelve different concentrations varying from 0.0001-0.0025 (mol/g) in 100 mL phenol solution with 0.1 g almond shell activated carbon. The mixture was shaken continuously on an electronic automatic shaker for 3 days at the speed of 250 rpm. The sample was then filtered through Whatman filter paper No 1. The initial and final concentration of phenol was analyzed on UV-Vis spectrophotometer-Perkin Elmer Lambda 25" at λ max 660 nm. The amount of adsorption at equilibrium (Q e mg/g) and sorption efficiency (%) were calculated according to the expressions; Where C o and C e are the initial and equilibrium concentration (mg/L), V the volume of solution (L), m the weight of almond shells activated carbon (g) and C is the solution concentration at the end of the sorption process (mg/L) 15 . Figure 1 shows the B.E.T isotherms obtained for phenol adsorption on ASAC and F-400 that illustrate the synthesis of microporous structures with a good surface area and micropore volume. The isotherm is a type I for solids with large numbers of micropores as well as mesopores. The adsorption of phenol was found to be 11.74 (mol/g) in comparison to 18.51 (mol/g) for F-400. 
Characterization of adsorbent
The proximate and ultimate analysis of prepared activated carbon was done and depicted in Table 1 and the results of iodine number and methylene blue number of both the standards and prepared activated carbon determined 16 according to ASTM D4607-94-2006 are shown in Table 3 . It can be found in the results that the iodine number of adsorbents increases in the order F-400 (coal based-std-1) < S.D.Fine (CS based-std-2) <ASAC (Prepared) while it can be observed that methylene blue number of the adsorbents increases in the order S.D.Fine (CS based-std-2) < F-400 (coal based-std-1) < ASAC (Prepared). It is obvious that the prepared activated carbon is having both high micropore and mesopore volume and it can be potentially used for phenol as well as dye removal from aqueous waste. Again the B.E.T surface area of prepared activated carbon is found to be 1358 m 2 /g which shows that it is comparable and better to the findings of earlier researchers 17 .
SEM morphology analysis
The surface morphology of activated carbon was examined by using a JEOL scanning electron microscope (JSM-6380). The pore formation of activated carbon is mainly attributed to the addition of phosphoric acid which causes the ASAC to swell and it opens the surface structure. Phosphoric acid is a strong dehydrating agent, it has been reported that H 3 PO 4 accelerated the bond cleavage reactions leading to the early evolution of volatiles at below 300 °C and generation of empty spaces. At high temperatures the reactive sites leave a hard aromatic carbon porous structure for adsorption 18 . Figures 2 and 3 shows the surface morphology of raw and activated almond shells. In raw almond shells there are no or minimal pores on the surface whereas it can be observed from Figure 2 that the surface shows a lot of grooves, cracks and crevices in the surface matrix after activation. The macropores are highly developed deep inside the surface. Surrounding the surface, plenty of micropores can be observed leaving greater adsorption sites for phenols. It indicates that the precursor material and method for preparation of activated carbon is adequate for the purpose. 
FTIR spectral analysis
Details of functional groups present on the surface of carbon materials are obtained from FT-IR studies as shown in Figure 4 . A sharp band at 3689 cm -1 is ascribed to isolated nonbonded ydroxyl (OH) groups and around 3526 cm -1 is due to carboxylic acid group. A wide, intense band in the range of 3200-3600 cm -1 with a maximum at about 3445 cm -1 is assigned to the O-H stretching mode of hydroxyl groups and adsorbed water 19 . A medium band of symmetric C-H stretching vibration at 2882 cm -1 is due to the presence of methyl group on surface. A carbonyl group C=O stretch is at 1628 cm -1 and a strong absorption at 1279 cm -1 is for C-O stretch due to alcoholic group . 
Conclusion
In this investigation, H 3 PO4 was used for activating the AS and it enhanced the surface property to a desirable level. It was clearly established from SEM micrographs that highly developed mesopores and micropores are available for adsorption. The FTIR spectra revealed that the hydroxyl group is present for phenolic binding sites. Maximum sorption was achieved at 250 rpm shaking speed, for 72 h.
Studies indicated that the ASAC can be effectively used for the quantitative removal of dyes and phenols. The removal of phenol from aqueous solution is possible by using abundantly available low cost almond shell adsorbents.
